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Background: Air pollution is considered to be one of the main challenges which 
facing the worldwide, especially indoor air pollution as a major environmental risk to 
the public health. However, acute lower respiratory infections associated indoor air 
pollution as a major cause of morbidity and mortality in children under 5 years. This 
study aimed to investigate the relationship between indoor air quality (IAQ) and 
lower respiratory tract infection among children less than 6 years of age at middle 
governorate in Gaza strip, Palestine. 
Methodology: Descriptive cross sectional, retrospective correlation study was 
selected to describe and explore the relationship between indoor air quality (IAQ) 
and lower respiratory tract infection among children. The study population included 
every child less than 6 years old who were admitted with lower respiratory tract 
infection in El Aqsa hospital and the total number is 90 patients, 83 of them had 
responded. A modified questionnaire of the American Thoracic Society (1978) was 
used and relative humidity, temperature, CO2 and CO was measured between 
December 2012 and the March 2013. Sampling at each dwelling took place for a 
minimum of half hour continuously in the morning period at 9,10,11,12 a.m. when 
the windows of the dwelling were closed. Collected data was entered and analyzed 
by using Statistical Package for the Social Sciences (SPSS).   
Results: The study revealed that the total mean of relative humidity was 69.3% 
which was  more than the united states American Society of Heating, Refrigerating 
and Air-Conditioning Engineers ( ASHREA) standard. While the total mean for 
temperature was 20.1oC which was  in the normal average of the standard of the 
USA( SHREA). On the other hand, the average concentration of carbon monoxide 
complied with the ASHREA standards at 3.51 ppm on average. But, the total mean 
for concentration of carbon dioxide (CO2) it was less than the  Environmental 
protection agency (EPA) standard at 591.1 ppm on average. Self-administered 
questionnaire results revealed that 45.8% of the sample are from Deir al-Balah, 
followed by al- Boreij camp 22.9% and 16.9% of the sample was from al-Nusayrat 
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camp. In addition, about 33.7% from the sample  has  a two  rooms, 12.0 %  has  a 
one room, 66.3% from the sample of people share his/her bedroom 3 or more 
persons. And 60.2% from the sample live in homes containing 5-10 residents, and 
22.9% live in homes containing more than 10 residents, smokers were present in 
50.6% of the households: 83.3% had 1smoke among family member, while 49.4% 
had 3 members, and 7.1% had  4 members. However, 68.7% of the households had 
mold or fungi, 39.8% from the sample households was surrounded by busy street 
movement, 50.6% of the households  frequency of washing child room is few times a 
week, 24.1% from the sample used  wood stove in winter. Whereas, 95.2 % from the 
sample  has no  children under 5 years died in this household. 
Conclusions: The study concluded that overcrowding and humidity maybe causes 
ill-health because it makes the disease spread easier. Environmental tobacco smoke 
and other factors such pathogen bacterial contamination maybe risk factor for lower 
respiratory tract infection.  
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 أعمارھمالذین  األطفال السفلي لدى التنفسي الجھاز وعدوى ن جودة الھواء الداخليبی العالقة
 فلسطین  -غزة  قطاع -  المحافظة الوسطى في سنوات ٦ أقل من
ا من أكبر التحدیات التي  یعتبر : خلفیة العالم  ءه في مختلف أنحاجواتتلوث الهواء واحدً
خاطر البیئیة المحدقة بالصحة مكل أهم التلوث الهواء في األماكن الداخلیة ویش اوخصوص
السفلي المرتبطة بتلوث الهواء في األماكن المغلقة هي الجهاز التنفسي  التهابات.ولذلك، فإن 
الدراسة  هذه أحد األسباب الرئیسیة لالعتالل والوفیات لدى األطفال دون سن الخامسة. هدفت
الذین لجهاز التنفسي السفلي لدى األطفال العالقة بین جودة الهواء الداخلي وعدوى ا بحثإلى 
  فلسطین.  -قطاع غزة  - في المحافظة الوسطى  سنوات ٦أعمارهم أقل من 
بین  العالقة واستكشاف لوصف المقطعي الوصفي البحث أسلوب الدراسة اعتمدت : المنهجیة
  وسطى.المحافظة ال في األطفال لدى السفلي التنفسي الجهاز وعدوى جودة الهواء الداخلي
سنوات دخل قسم األطفال بمستشفى شهداء  ٦ كل طفل أقل من عن ة الدراسة عبار مجتمع
م ٢٠١٢من بدایة دیسمبر طفًال  ٩٠اإلجمالي السفلي، العدداألقصى بالتهابات الجهاز التنفسي 
. وتم استخدام االستبیان من لهذه الدراسةاستجاب األهل منهم  ٨٣،م ٢٠١٣إلى بدایة مارس 
قیاس  حیث تم) وتم تعدیله  بواسطة متخصصین، ١٩٧٨أمراض الصدر األمریكیة (جمعیة 
معدل الرطوبة النسبیة، والحرارة، وأول أكسید الكربون، وثاني أكسید الكربون في بیوت هؤالء 
 وتحلیل إدخال األطفال لمدة ال تقل عن النصف ساعة بشكل مستمر في الفترة الصباحیة. تم
  .للعلوم االجتماعیة اإلحصائیة الحزمة تخدامباس المجمعة البیانات
 األعلى الحد في ٪ ٦٩,٣مجموع الرطوبة النسبیة كانت متوسط  أن الدراسة أوضحت  :النتائج
). في حین كان متوسط ASHREAالمعیار األمریكي(ب مقارنة بها المسموح المستویات من
للمعیار األمریكي. من ناحیة  عيالمعدل الطبیالتي كانت في و  درجة مئویة٢٠,١الحرارة  درجة
. ولكن تركیز أول امتثلت للمعاییر األمریكیة تركیز ثاني أكسید الكربونأخرى ، فإن متوسط 
  .)(EPAأكسید الكربون كان أقل من المعدل الطبیعي لوكالة حمایة البیئة
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معسكر تلیها  ٪ من العینة هم من سكان مدینة دیر البلح،٤٥,٨ أن االستبیان نتائج أشارت كما
  . النصیرات ٪ من العینة هم من مخیم١٦,٩و ،٪٢٢,٩ البریج
٪ من العینة لدیها غرفة ١٢,٠٪ من العینة لدیها غرفتین، ٣٣,٧وباإلضافة إلى ذلك، حوالي  
٪ من العینة ٦٠,٢و .أشخاص أو أكثر في غرفة النوم ٣٪ من العینة یشاركه ٦٦,٣ ،واحدة
٪ من العینة یعیشون في منازل تحتوي ٢٢,٩أفراد، و ١٠-٥یعیشون في منازل تحتوي على 
٪ من هذه األسر بها ٨٣,٣ ٪ من األسر یوجد بها مدخنون:٥٠,٦أفراد،  ١٠على أكثر من 
 ٤٪  من هذه األسر بها ٧,١مدخنین،  ٣٪ من هذه األسر بها ٤٩,٤مدخن واحد، بینما 
العفن أو الفطریات لها وجود ظ أهالبیوت الح هذه ٪ من٦٨,٧كان  مدخنین أو أكثر. ومع ذلك،
٪ من األسر ٥٠,٦ ٪ من العینة كانت محاطة بشوارع  مروریة مزدحمة،٣٩,٨، بهذه البیوت
٪ من العینة تستخدم موقد ٢٤,١في األسبوع،  مرة) ٣-٢( تقوم بغسل غرفة الطفل بضع مرات
   سنوات. ٥ ٪ من العینة لیس لدیها أطفال ماتوا دون سن٩٥,٢الحطب في فصل الشتاء. ولكن، 
ستنتج أن االكتظاظ والرطوبة ربما تسبب اعتالل الصحة وخصوصًا تالدراسة  : االستنتاجات
عدوى الجهاز التنفسي السفلي لدى األطفال ألنه یجعل انتشار المرض أسهل. والتدخین في 
البیوت وعوامل أخرى مثل التلوث الجرثومي الممرض ربما تكون أیضا عامل خطر لإلصابة 
  الجهاز التنفسي السفلي. بأمراض
جودة الهواء في األماكن المغلقة، عدوى الجهاز التنفسي السفلي، األطفال،  :المفتاحیة الكلمات
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1.1 Background of the study  
Air pollution is considered to be one of the main challenges which facing the human 
and is considered one of the main pollution problems around the world. Most 
countries consider this problem a threat to national health and hence enforce strict 
regulations, among other solutions, trying to reduce it as much as possible (World 
Health Organization (WHO, 2011a). 
 
Air pollution is a concentration of foreign matter in the air that adversely affects the 
health and welfare of people. Air pollutants can be liquid, solid, gaseous, radioactive, 
or microbial chemicals suspended in the air that are caused by different human 
activities related to industry, construction, transportation, or natural resources. Such 
pollutants cause harmful effects to humans, animals, and plants (Karaeen, 2012). 
 
Fresh air is a basic requirement of life; the quality of air inside homes, offices, 
schools, day care centers, public buildings, health care facilities or other private and 
public buildings where people spend a large part of their life is an essential 
determinant of healthy life and people’s well-being. Hazardous substances emitted 
from buildings, construction materials and indoor equipment or due to human 
activities indoors, such as combustion of fuels for cooking or heating, lead to a broad 
range of health problems and may even be fatal. The quality of air inside homes, 
offices, schools, day care centers, public buildings, health care facilities or other 
private and public buildings where people spend a large part of their life is an 
essential determinant of healthy life and people’s well-being (WHO, 2010). 
 
Most of us spend much of our time indoors. The air that we breathe in our homes, in 
schools, and in offices can put us at risk for health problems. Some pollutants can be 
chemicals, gases, and living organisms like mold and pests, several sources of air 
pollution are in homes, schools, and offices (EPA, 2008).  
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Some pollutants cause health problems such as sore eyes, burning in the nose and 
throat, headaches, or fatigue. Other pollutants cause or worsen allergies, respiratory 
illnesses (such as asthma), heart disease, cancer, and other serious long-term 
conditions. Sometimes individual pollutants at high concentrations, such as carbon 
monoxide, cause death (Environmental protection agency (EPA, 2008). 
 
Good-quality housing is a key element for ensuring a good health for people. Poor 
housing can lead to many health problems, and is associated with infectious diseases; 
stress and depression  . Everyone should therefore have access to good-quality 
housing and a pleasant home environment that makes them happy and content 
(WHO, 2003). 
 
Globally more than 1.5 million deaths annually from respiratory infections are 
attributable to the environment factors, including at least 42% of lower respiratory 
infections and 24% of upper respiratory infections in developing countries (WHO, 
2006). 
 
Air pollution is a major environmental risk to health. By reducing air pollution 
levels, we can help countries reduce the global burden of disease from respiratory 
infections, heart disease, and lung cancer. According to WHO, nearly 50% of 
pneumonia deaths among children under five are due to particulate matter inhaled 
from indoor air pollution (WHO, 2011b).  
Many Studies show a direct relationship between certain concentrations of air 
pollutants with internal health problems, such as: allergies, asthma, bronchitis, 
pneumonia and lung cancer (Mendes, 2008). 
 
 Many of disease result from pollution, but acute lower respiratory infections remain 
the single most important cause of death globally in children under 5 years and 
account for around 2 million deaths annually in this age group. There are some 
sixteen studies in Least Developed Countries (LDCs ) which have reported on the 
association between indoor air pollution exposure and acute lower respiratory 
infections ( Bruce, 2002).  
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Acute lower respiratory infections are the single most important cause of mortality in 
children aged less than 6 years, accounting for around 2 million deaths annually in 
this age group. Various studies in developing countries have reported on the 
association between exposure to indoor air pollution and acute lower respiratory 
infections ( Albalak et al.,2000). 
  
Humidity necessary for our comfort and health, but too much or too little humidity 




The most important element in life is the human being, so lack of diseases is 
considered an indicator of the healthy environment that the humans live in especially 
indoor air quality. It’s well known that mankind can’t live without air and it was 
found through multiple researches that air pollution is the main factors among 
multiple factor that causes lower respiratory tract infection in humans. Especially, in 
children below 6 years of ages. Indoor air quality is very important because humans 
spend the majority of their time inside homes and if the air inside the home wasn’t 
healthy its expected that many diseases affect the residents of that home.  
 
In this study, the aim was to measure indoor air quality and to investigate its 
relationship with lower respiratory tract infection in the middle governorate in Gaza 
strip. And this research consider to be the first to study the relationship between 
indoor air quality and lower respiratory tract infection in children less than 6 years in 
middle governorate in Gaza strip. Gaza Strip is one of the highest in the world in 
population density in a small geographical area and this raises the air pollution level. 
Overpopulation in the Gaza Strip houses  increase of the poor indoor air quality in 
these houses and this research will add new knowledge and scientific evidence to the 




1.3 General objective  
The aim of this research was to study the relationship between indoor air quality 
(IAQ) and lower respiratory tract infection among children less than 6 years of age at 
middle governorate in Gaza strip, Palestine.  
 
1.4 Specific objectives  
The objectives of this research were: 
 To measure the relative humidity , temperature, CO2 and CO level in the  
children homes. 
 To investigate the relationship between the above mentioned parameters 
levels and lower respiratory tract infection among the children. 
 To propose some useful recommendations to improve homes environments to 
be more suitable and healthy to our children. 
 
1.5 Research questions 
Q1: What is the level of indoor air quality in the children homes that are infected 
with lower respiratory tract infections? 
 Q2: What is the impact of the IAQ  on the respiratory system?  
Q3: Is there any association between IAQ and lower respiratory  tract  infection?  
 Q4: Does environmental tobacco smoke, ventilation effectiveness, or              
overpopulation has an effect on IAQ?   
Q5: Does environmental tobacco smoke, ventilation effectiveness, thermal                                                                                                                                      
comfort or overpopulation increase the risk of lower respiratory tract infection?  
 Q6: What are the recommendations to be drawn from this study in to improve homes 







1.6 Context of the study 
The demographic, socioeconomic, and political situations greatly impact health and 
humanitarian organization which working in Gaza strip(GS) and West bank(WB). 
 
1.6.1 Demographic context 
The complete area of historical Palestine is about 27,000 km2. Palestine stretches 
from Ras Al- Nakoura in the north to Rafah in the south. Palestine is boarded by 
Lebanon in the north, the Gulf of Aqaba in the south, Syria and Jordan in the east and 
by Egypt and Mediterranean Sea in the west (Abu-Lughod, 1971). 
   
The Palestinian territories consist of two geographically separated areas WB and GS. 
GS is a narrow zone of land bounded of the south by Egypt, on the west by the 
Mediterranean Sea, and on the east and north by the occupied territories in 1948. GS 
is very crowded place with 46 kilometers long and 5 –12 kilo-meters wide and with a 
total area of 365 km2. GS is administratively divided into five governorates: North, 
Gaza, Mid-zone, Khan-Younes and Rafah. It consists of four cities, fourteen villages 
and eight refugees' camps (Palestinian central bureau of statistics (PCBS), 2013). 
 
Gaza Strip has a population of 1,701,437 people. Population density is 4,661 
inhabitants per sq. km. Gaza Strip has an extremely high population growth rate of 
over 3.3%, and as a result some 44.2% of the population is under the age of 15 
(PCBS, 2013).  
 
The principal origin of air pollution in Palestine are the various means of 
transportation, the smoke rising from the chimneys of factories, the heavy dust from 
quarries, the burning of solid wastes, and the effects of water treatment projects. The 
Israeli industries in the WB, GS, and inside the part of Palestine occupied in 1948 are 
the biggest cause of atmospheric pollution in Palestine (Karaeen, 2012). 
 
In the GS, the issue of air pollution is attributed to the density of motor vehicles, 
estimated at about 60,000, and especially to the number of old vehicles. Also, air 
pollution is caused by the gases and smog emitted from Israeli factories, especially 
from coal operated power stations, and transferred to Gaza Strip by the wind. These 
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factories are located in isdude (Ashdod) and Al-Majdal (Ashqelon) inside the part of 
Palestine occupied in 1948. Toxic gases, including sulphur dioxide and carbon 
monoxide, which harm the respiratory system, are released into the air as a result of 
the use of the large numbers of people who run home generators to compensate for 
the shortage in electricity caused by Gaza’s inability to run its power plant full-time 
due to the acute shortage of fuel. It is estimated that there are about 100,000 of these 
generators in use and that they consume about 500,000 liters of fuel per day 
(Karaeen, 2012). 
 
1.6.2 Gaza strip 
GS is a narrow land, located on the southwest of Palestine on the coast of the 
Mediterranean Sea. GS is a high crowded area, where approximately 1,701,437 
million live in 378 km2, with an estimated density of about 4,661 people per square 
kilometer(PCBS, 2013) (Figure 1.1).  
The population is concentrated in 7 towns, 10 villages and 8camps (PCBS, 2007). 
The density is increases in refugee camps (UNRWA, 2005). GS is divided into five 
governorates, North of Gaza, Gaza city, Mid-Zone, Khan-Younis and Rafah. The 
population under 15 years old in GS represents 49% and those of 65 years and more 















 Figure 1.1 Gaza strip map    
  
 Palestinian Ministry of Health( 2011) 
 
1.6.3 Socio-economical context 
The real growth rate is estimated to have reached 5.6 %, more than three percentage 
points lower than the first quarter(Q1) 2011 growth figure and almost one percent 
lower than the growth forecast contained in the Palestinian Authority's budget. This 
decline is attributed to a major slowdown in Gaza, where real growth decreased from 
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21.3 percent to 6 percent on a year-on-year basis. In the West Bank economic 
activity in Q1 2012 was broadly unchanged from its 2011 level and real Gross 
Domestic Product (GDP) growth was 5.4 percent. Overall, economic growth in the 
Palestinian territories continues to be restrained by Israeli restrictions, a shortfall in 
donor aid in addition to uncertainty caused by the PA’s fiscal crisis. The Palestinian 
Authority fiscal situation has become increasingly unsustainable mainly as a result of 
uncontained government consumption, in particular a rapidly increasing public sector 
wage bill, expanding social transfer schemes and rising “net lending”. In addition, 
the depressed economy led to lower tax revenues level (World Bank, 2012). 
1.6.4 MOH hospitals and hospitals beds 
The number of hospitals in the GS are 29 hospitals (13 government   hospital), 
furnished with 2769 beds (1936 government beds ) and Most of the beds are 
stationed in three big hospitals (El shifa Hospital ,Nasser Hospital and  European 
Gaza Hospital ),(PMOH,2010). 
1.6.4.1 El Aqsa martyrs hospital 
It is one of the government hospitals, established in 2001 on an area of 4000 m2, 
provides secondary services to the province of Deir al-Balah including Pediatric, 
medical, surgical, obstetrics services and dialysis unit. Total number of beds are 103 
beds, and serves the segment of the population living in the province of central Gaza, 
and with a population of 205,535 people, and the number of hospital staff in all 
specialties is 392 employees (PMOH, 2008). 
 
1.7 Operational definitions 
lower respiratory tract infection: It is defined as infection of the intrathoracic 
airways or lung parenchyma. (Kovesi et al.,2007). 
Indoor environmental quality: "refers to the quality of the air in an office or other 
building environments" (CDC, 2012). 
Natural ventilation: is the process of supplying and removing air by means of 
purpose-provided aperture (such as openable windows, ventilators and shafts) and 
the natural forces of wind and temperature-difference pressures (Hui, S.,2011). 
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Crowding: is refers to the association between the number of people in the house 
and the number of bedrooms ( Alison Gray,2001). 
 
Sick Building Syndrome (SBS): It is defined as situation in which building 
occupants experience discomfort and acute health effects that appear to be linked to 
time spent in building( United States Environmental Protection Agency (USEPA) 
,1991). 
Building Related Illnesses (BRI): It is defined as symptoms of   diagnosable 
illnesses or cause that can be identified and attributed directly to airborne building 
contaminants, and Indicators of BRI include complaints of cough, chest tightness, 
chills, fever and muscle aches. Occupants may need prolonged recovery times after 




















Conceptual framework and literature review 
2.1 Conceptual framework 
Conceptual framework was developed in order to guides the research process, 
organizes the work and makes the research findings meaningful. The researcher 
builds up the conceptual framework (Figure 2.1) to address the main domains of the 

















































The first domain is indoor environmental factors, which consists of a number of 
variables which are ventilation effectiveness, environmental tobacco smoke, thermal 
comfort and crowding. 
 
The second domain is home structure, which consists of a number of variables 
which are type of dwelling and building age. 
 
The third domain is indoor air quality, which consists of a number of variables 
which are relative humidity, temperature,CO2 and CO. 
  
 
2.2 Literature Review  
2.2.1 Indoor Environmental Qualities  
 
According to Stephen Ambu et al. (2008), nearly 24% of illnesses in the world are 
preventable as they are caused by exposure to environmental pollutants. It is also 
stated that 33% of childhood diseases are credited to the same cause and these too 
can be prevented. 
  
The United States can save from $6 to $14 billion from reduced respiratory illness, 
$1 to $4 billion from reduced allergies and asthma, $10 to $30 billion from reduced 
sick building syndrome (SBS), $ 20to 160 billion from worker performance and 
productivity gains (Fisk,2000). 
 
Fisk (2000, 2001) studied the relation between indoor environment and airborne 
transmission of infectious diseases and his research found that improvements in the 
indoor environment may reduce the sick leave due to infectious diseases up to 9-20 
%. (Europeans commission Joint Research Center, 2003). 
  
Air pollution raises the hazard of respiratory and heart disease in the population. 
Both short and long term exposure to air pollutants have been associated to health 
impacts. More severe impacts affect people who are already ill. Children, the elderly 




Up to 20 % of the world population suffers from asthma and other allergic diseases 
caused by substances present in indoor environments. In adding, indoor pollutants 
such as tobacco smoke, radon, asbestos and benzene may substantially contribute to 
the increase of cancer incidents in the population. (Europeans commission Joint 
Research Center (JRC),2003).  
 
As stated by Kirk et al. (2000), acute respiratory infection (ARI) is the most shared 
cause of disease in children and a major cause of death in the world. Among children 
under five years of age, three to five million deaths annually have been attributed to 
ARI, of which 75% are from pneumonia.  
 
Tabaku, et al. (2011), studied the effects of air pollution on children’s pulmonary 
health and the results of this study propose that air pollution is associated with 
respiratory health of children causing a slight decrease in values of pulmonary 
function in children of urban area compared with those of suburban area.  
 
Indoor environments are extremely compound and house inhabitants may be exposed 
to a multiplicity of pollutants (in the form of gases and particles) from office 
machines, cleaning products, construction activities, carpets and furnishings, 
perfumes, cigarette smoke, water-damaged building materials, microbial growth 
(fungal / mold and bacterial), insects, and outdoor pollutants.  Other factors such as 
indoor temperatures, relative humidity, and ventilation levels can also affect how 
individuals respond to the indoor environment (Center for disease control and 
prevention(CDC),2012). 
 
According to EPA (1991), the indoor environment in any structure is a result of the 
contact between the site, climate, building system (original design and later 
modifications in the structure and mechanical systems), construction techniques, 
contaminant sources (building materials and furnishings, moisture, processes and 





A study conducted by Thomas Kovesi et al. (2007), which investigated the 
relationship between indoor air quality and the risk of lower respiratory tract 
infections in young Canadian Inuit children, showed that the mean ventilation rate 
per person was 5.6 L/s , 80% (37/46) of the houses had ventilation rates below the 
recommended rate of 7.5 L/s per person. The mean indoor carbon dioxide (CO2) 
concentration of 1358 (SD 531) ppm was higher than the recommended target level 
of 1000 ppm. Smokers were present in 46 homes (94%). Of the 49 children, 27 
(55%) had a reported history of lower respiratory tract infection. And lower 
respiratory tract infection was significantly associated with mean and maximum 
indoor CO2 levels, occupancy, relative humidity and age of houses, many factor lead 
to risk of lower respiratory tract infections in children less than 5 years of age such 
reduced ventilation, crowding, environmental tobacco smoke and other contaminants 
of indoor air. 
 
According to the U.S. Green Building Council (USGBC)( 2005) in its Leadership in 
Energy and Environmental Design (LEED) certification criteria has dedicated an 
entire category to indoor environmental quality (IEQ). It consists of indoor air 
quality, thermal comfort, acoustics, daylight and views. However, IEQ is comprised 
of many more complex factors that may have an effect on the occupants (See table 
2.1). 
Table 2.1 The IEQ category. 
Indoor Environmental Quality category                                                       
Prerequisite 1 Minimum IAQ Performance Required 
Prerequisite 2 Environmental Tobacco Smoke (ETS) Control Required 
Credit 1 Carbon Dioxide (CO2) Monitoring 
Credit 2 Ventilation Efficiency 
Credit 3 Construction IAQ Management Plan 
Credit 4 Low-Emitting Materials 
Credit 5 Indoor Chemical and Pollutant Source Control 
Credit 6 Controllability of Systems 
Credit 7 Thermal Comfort 
Credit 8 Day lighting and Views 





During review of the literature we found multiple factors affecting the indoor 
environment quality including, ventilation effectiveness, environmental tobacco 
smoke, thermal comfort (humidity and temperature) and overcrowding. 
  
 
2.2.1.1 Indoor air quality and health 
AL-Khatib, et al. (2005), showed that IAQ is a challenge to environmental health 
issues as the pollutant that cause it are not only physical attributes and chemicals but 
also microbiological agents. They can have significant influence on health resulting 
in drop in productivity and economy of a country. 
  
 According to Environment Canada (2011), many of disease such asthma, lung 
cancer, cardiovascular disease, allergies and many other human health problems have 
been linked to poor indoor air quality.  
 
In the study that conducted by AL-Khatib, et al. (2005), common sources of indoor 
air pollution include tobacco smoke, biological organisms, building materials and 
furnishings, cleaning agents and pesticides, in addition to airborne lead and mercury 
vapors. Indoors, the chief source of lead is paint. All these may cause serious health 
risks, mainly for the respiratory system.  
 
Ambu, et al. (2008), states that the health influences because of poor IAQ can be 
classified as acute or chronic,  examples are asthma, respiratory infections, allergic 
rhinoconjunctivities, lung cancer and pulmonary tuberculosis. These health impacts 
are referred to as SBS and BRI.  
 
According to Marmot, et al. (2006), IAQ can be classified into physical factors, 
chemical factors and psychosocial factors which have been found to be linked with 
BRI, the symptoms of BRI that are attributed to the physical environment of specific 
buildings are part of the SBS. In addition, physical factors associated with building-
related illnesses can range from temperature, humidity, and air movement to dust, 
lighting and noise, while chemical factors include pollutants arising from paint, 
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carpets, new furniture, environmental tobacco smoke (ETS), drapes, cosmetics 
asbestos and insecticides.  
 
In the study by Ambu, et al. (2008), indoor air quality can have significant effect on 
health resulting in drop in production and economy of a country. It has been 
estimated that in the US, building related illnesses (BRI) symptoms have a 
relationship with decrease (3 to 5%) in work performance in an affected population 
resulting in an annual loss of US  60$ billion in revenue.  
 
According to Seppanen and Fisk (2002), studied the relation between ventilation 
system type with SBS symptoms in office workers and the researcher found that 
there was an increase in SBS symptoms associated with mechanically ventilated 
buildings. 
 
in Malaysian, Syazwan Aizat, et al. (2009), studied the association between SBS and 
indoor air pollutants in two different houses (old and new) from April to September 
2008. Results showed that indoor pollutants in old construction were high, while new 
construction showed indoor pollutants high for Temperature Humidity Index (THI) 
value and Ultrafine Particle (UFP) and The level of THI and CO2 concentration was 
major factor contribute to SBS complain among office workers.  
 
A study conducted by Fisk and Rosenfeld (1998), showed that the yearly cost of 
indoor air quality associated problems is $100 billion. These costs are incurred due to 
problems like SBS, BRI, absenteeism, and operation and maintenance cost of 
problematic buildings.  
 
WHO, reported that air pollution raises premature death caused by lung cancer and 
other respiratory and cardiovascular diseases. This disease due to exposures to air 
pollution, leading to increased medication use, sick leaves, and lowered 
performances in learning and working. And In this report, it was estimated that 1.6 




A study conducted by Mendes, (2008), showed that a direct association between 
certain focuses of air pollutants with internal health problems, such as: allergies, 
asthma, bronchitis, Pneumonia and lung. 
 
In the study conducted by Dasgupta, et al. (2009), which examined the improving 
indoor air quality for poor families and the results showed that if cooking with clean 
fuels is not possible, then building the kitchen with permeable building material and 
providing good ventilation in cooking areas will yield a better indoor health 
environment. 
  
A study conducted by Misra, et al. (2012), which check the association between 
acute lower respiratory infection (ALRI) and low birth weight (LBW) attributable to 
Indoor air pollution (IAP) in under-5 children. The authors found that the risk of 
ALRI increased by 2.51 times, while the risk of LBW increased by 1.45 times due to 
IAP exposure.  
 
Ballester, et al. (2010), investigated exposure to air pollution during pregnancy and 
anthropometric measures at birth in a cohort in Valencia, Spain. The results suggest 
that maternal exposure to air pollution may retard fetal growth . 
 
In the study conducted by Breysse, et al. (2012), which studied indoor air pollution 
and asthma in children and this literature suggests that modifying the indoor 
environment to reduce particulate matter, NO2 and mouse allergen may be an 
important asthma management strategy. 
 
EU Joint Research Center (JRC) (2003), showed that indoor air pollution leads to 
high health risks. Results showed that indoor air can be at least two times as polluted 
as outdoor air (JRC,2003).  
 
Mustafic, et al., (2012), showed that all the key air pollutants, with the exclusion of 
ozone, were significantly associated with a near-term increase in myocardial 




Ciencewicki and Jaspers (2007), showed that associations between air pollutants and 
increased risk for respiratory virus contaminations.  
 
In the study in India, conducted by Kumar, et al. (2008), which studied the effects of 
indoor air pollution on respiratory function of children (aged 7-15 years), during the 
summer months of June and July 2004.and Indoor air pollutant (suspended 
particulate matter, SO2, NO2) was measured, and the effect of these pollutants on the 
children’s respiratory function was analyzed and the respiratory health profile 
suggests that children had cough, sputum production, and shortness of breath, 
wheezing, common cold, and throat congestion. The results showed that indoor SO2, 
NO2, and suspended particulate matter levels were high in houses where there was a 
family history of smoking. SO2 level was significantly high according to occupancy 
per room. NO2 and suspended particulate matter levels were significantly high in 
houses where children had respiratory problems.  
 
In Canada, According to St-Jean, et al. (2012), they studied the associations between 
building characteristics and IAQ in day-care centers (DCCs) in a randomly selected 
sample of 21 DCCs having space for at least 40 children in Montreal, Canada. 
Temperature, relative humidity, and concentrations of CO2, formaldehyde and 
volatile organic compounds were measured in January and February 2008 in rooms 
attended by children aged between 18 and 60 months, the sampling was conducted in 
the winter when building ventilation was generally low. Results showed that most 
DCCs(81%) had a mechanical ventilation system. Over 85% of the DCCs had a 
mean CO2 concentration higher than 1000 ppm, the value generally targeted for 
comfort in buildings. Mean CO2 concentrations were significantly lower in DCCs 
having a floor space meeting the provincial standards.  
 
In Italy, According to Tramuto, et al. (2011), they studied short-term exposures to 
particulate matter and gaseous ambient pollutants including carbon monoxide, 
nitrogen dioxide, sulfur dioxide and emergency room admissions for respiratory 
symptoms. Results showed that presence of a positive association for PM10 (odds 
ratio = 1.039, SO2 (OR = 1.068, nitrogen dioxide (NO2) OR = 1.043, and CO (OR = 
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1.128, especially among females (according to an increase of 10 μg/m3 in PM10, 
NO2, SO2, and 1 mg/m3 in CO exposure) with emergency room admissions for 
respiratory symptoms, particularly during the warm season and a positive association 
was observed either in warm or in cold season only for PM10. 
 
 
2.2.1.2 Ventilation effectiveness and health 
Ventilation has many goals that will help in maintaining human health, so the 
objectives of ventilation are (Sam C. M. Hui, 2001): 
1.To eliminate pollutants such as(bacteria, Water vapour, smoke, soot, 
mist, fumes, pollen, plant fibres, mould spores, viruses, carpet fibres, 
furniture fibres) 
2. To deliver a continuous supply of oxygen necessary for human living. 
3. To eliminate the producers of respiration and living, that is; heat, moisture 
and carbon dioxide from people.  
 
Air circulation is an essential factor for the indoor air quality in houses and the 
prevalence of infectious diseases (respiratory illnesses) seem be affected by the 
ventilation (EU Joint Research Center (JRC),2003).  
 
A study conducted by Jankovic et al. (1996), revealed that the suitability of 
freshening can be evaluated directly or indirectly: directly, by calculating air change 
rates and occupancy and then calculating ventilation per person; indirectly, by 
checking the indoor gathering  of carbon dioxide. 
 
According to CDC (2011), ventilation is one vital factor moving the relationship 
between airborne transmission of respiratory infections and production of workers.  
 
The indoor environment quality possibly smarts from extremely poor airing resulting 





a) Passive smoking for the populations. 
b) Elevated humidity and carbon dioxide as a result of the respiration of the 
populations 
c) Possibly high levels of smoke (particulates) and biochemical merchandise 
of combustion (such as sulphur dioxide). 
d) Raised carbon monoxide (CO) from the poor quality of the stoves and their 
resultant poor combustion and decreased oxygen level. 
 
Wargocki, et al. (2000), study the effects of outdoor air supply rate in an office on 
perceived air quality, SBS symptoms and productivity and results showed that raised 
ventilation effectiveness can help reduce the intensity of SBS symptoms, enhancing 
the perceived air quality and productivity of the residents.  
 
Sundell (2004), studied the association between health effects and ventilation rates in 
households are unusual. However, the writings on ‘‘dampness’’, especially as 
regards ‘‘condensation on window panes’’, suggests that insufficient airing in 
households founds a major risk factor for health effects (cough, wheeze, asthma and 
airway infections) . 
 
In china, a study conducted by Roy, et al. (2011),which studied indoor air pollution 
and lung functions growth among children and results showed that the resident use 
excellent home air circulation is significantly linked with higher lung function 
growth but in poor home airing use is significantly linked with decrease in children's 
lung function growth. 
 
2.2.1.3 Environmental tobacco smoke (ETS) 
SHS in common is responsible for making happen some 600,000 premature deaths 
every year and contact to SHS is a main cause of premature death and disease in non-
smokers(Sikimic ,2010).  
 
Saade (2008), found that exposure to SHS among children is a main pediatric 
problem and is linked with raised risk of many disease such sudden infant death 
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syndrome, acute respiratory infections, ear problems, and increased severity of 
asthma symptom.  
 
In Canada, a study conducted by Héroux, et al. (2010),which studied indoor air 
concentrations in smoking and non-smoking residences and results showed that 
smoking households had higher PM2.5 levels than non-smoking households 
(geometric mean = 22.0 vs.5.3 μg/m3; p < 0.0001 for summer, and 16.7 vs. 4.1 
μg/m3; p < 0.0001 for winter). 
 
According to Chien-Chang Lee et al.(2010), SHS, also "referred to as involuntary 
smoking, passive smoking, or ETS. Through studies has shown that passive smoking 
leads to increase the risk of several adverse outcomes in children, including lower 
respiratory tract infections, middle ear infection, asthma, and sudden infant death 
syndrome. 
 
In Vietnam, a study conducted by Motoi Suzuki1, et al.(2009), study environmental 
tobacco smoking(ETS) exposure is associated with an increased risk of hospitalized 
pneumonia among children under 5 years old in Vietnam and the results showed that 
children’s exposure to ETS, which result in 44,000 extra hospitalizations due to 
pneumonia yearly. 
  
Kurz and Ober (2004), studied the role of environmental tobacco smoke in genetic 
susceptibility to asthma and suggest result by stratifying samples by environmental 
tobacco smoke exposure, linkages with specific polymorphisms or chromosomal 
region may be exposed. 
 
Smith, et al. (2000), studied indoor air pollution in developing countries and acute 
lower respiratory infections in children and results show a strong significant rise in 
risk for exposed young children compared with those living in households using 




Kurmi, et al.(2010),the results showed that presence positive links between the use of 
solid fuels and COPD (OR¼2.80, 95% CI 1.85 to 4.0) and chronic bronchitis 
(OR¼2.32, 95% CI 1.92 to 2.80). Collective evaluations for different types of fuel 
show that exposure to firewood smoke while acting domestic work presents a greater 
risk of progress of COPD and chronic bronchitis than other fuels.  
 
A study conducted by Po, et al. (2011), revealed that Biomass firewood contacts are 
linked with diverse respiratory diseases in rural people.  
 
In Gaza Strip, Abusalah, et al. (2012), studied the relationship between low birth 
weight and prenatal exposure to indoor pollution from tobacco smoke and wood fuel 
smoke. the results showed that low birth weight is a significant health problem 
associated to passive maternal exposure to numerous tobacco produces and firewood 
smoke during pregnancy.  
 
2.2.1.4 Thermal comfort and health 
According to U.S. Environmental Protection Agency (EPA) (1991), reported that 
humidity is a reason in thermal comfort so that raising relative humidity (RH) 
decreases the ability to lose heat through sweat and vaporization, so that the effect is 
similar to raising the temperature.  
 
Canada Mortgage and Housing Corporation (CMHC) 2012, showed that more than 
enough or insufficient humidity can produce a host of difficulties for person who 









Table 2.2 Humidity problems 
 Too much humidity Too little humidity  
Typical 
symptoms  
 Condensation on windows 
 Wet stains on walls and 
ceilings 
 Moldy bathroom 
 Musty smells 
 Allergic reactions 
 Chapped skin and lips  
 Scratchy nose and throat  
 Breathing problems  
 Static and sparks  




 Damage to the house and 
its contents 
 Ongoing allergies 
 Other health problems 
 Continuing discomfort  
 Damage to furniture and 
other items  
Canada Mortgage and Housing Corporation (CMHC) 2012. 
 
Temperature is the main environmental changeable which effects thermal feeling, 
however the effect of temperature can be changed by the humidity and air movement 
EU Joint Research Center (JRC) (2003). 
 
Euro winter Group (1997), studied the relationship between cold exposure and winter 
mortality from ischemic heart disease, cerebrovascular disease, respiratory disease 
and all causes in warm and cold regions of Europe and results showed that low 
indoor temperatures during winter have long been linked with raised death rates 
mainly among the elderly from respiratory and cardiovascular disease. 
  
According to study by Xu, et al. (2012) showed that because of physiological, 
metabolic and behavioral characteristics, children are more sensitive to hot and cold 
temperatures than adults. Children under one year of age are at high risk of heat- 
related mortality. Temperature extremes are prone to cause more morbidity among 




A study conducted by Ma¨kinen, et al. (2009), the research revealed that the 
development of RTIs is increased strength by cold exposure and lowered humidity in 
a northern population and the results showed that cold temperature and low humidity 
were associated with increased occurrence of RTIs, and a decrease in temperature 
and humidity preceded the onset of the infections.  
 
Munch, (1980), showed that the happening of great relative humidity in structures, 
especially when attended by warm temperatures can encourage the presence of dust 
mites in buildings with carpets and other soft furnishings and these factors lead to 
cause of asthma and other allergic diseases and great relative humidity can also be a 
strong cause in the growth of moulds.  
 
Humphreys et al. (2002), results suggest that use of low dwell air temperature and 
low relative humidity in the winter from a perspective of good IAQ and energy 
economy. 
  
In a study conducted by Arundel, et al. (1986), examined the indirect health effects 
of relative humidity in indoor environments and results showed that the 
contaminability of these organisms is reduced by exposure to relative humidifies 
between (40-70) % and mite inhabitants are reduced when the relative humidity is 
below 50% and reach an extreme size at 80% relative humidity. Most type of fungi 
cannot grow unless the relative humidity exceeds 60%. The majority of adverse 
health effects caused by relative humidity would be minimized by maintaining 
indoor levels between 40 and 60 %. 
 
Frankel, et al. (2012), studied the relationship between seasonal variation of indoor 
microbial exposures and temperature, relative humidity and air exchange rates and 
results demonstrated that temperature, relative humidity and air exchange rates were 
significantly associated with numerous indoor microbial exposures, season 
significantly affects indoor microbial exposures, which are impacted by temperature, 
relative humidity and air exchange rates. 
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Ithnin, et al. (2012), showed that the concentration means of the temperature 
parameter in the study and control house are 28.50±0.44°C and 28.07±0.15°C 
correspondingly which are higher than 22.5-25.5°C as proposed by the standard 
guideline. The concentration means for relative humidity in both houses are 
82.67±2.08 and 84.67±8.96% which are higher than ≤70% as proposed by the 
standard.  
 
Andriessen, et al. (1998), studied the relationship between home dampness and 
respiratory health status in European children during the winter of 1993 – 1994, 
results shown that the occurrence of cough and upper respiratory symptoms was 
significantly higher in children living in houses with informed moulds, than in dry 
homes. Also there was a positive link between the peak flow changeability of 
respiratory symptoms and the living of moulds. 
 
In Australia, a study conducted by Garrett, et al. (1998), studied the relationship 
between house dampness, levels of airborne fungal spores, housing factors and the 
health outcomes in children. This study was conducted on 80 households with 148 
children aged 7 – 14 years for the period between March 1994 and February 1995 
and the results showed that indoor exposure to certain fungal types in winter was a 
risk factor for asthma, allergy, and respiratory symptoms.  
 
According to study by Valerie (2003), showed that strong links between dampness 
and headaches, sore throats, and respiratory problems including asthma, especially 
among children.  
 
Segala, et al. (2008), studied the relationship between emergency hospital visits for 
bronchiolitis and air pollution in the Paris region during four winter seasons. And 
results showed that air pollution may act as a cause for the incidence of acute severe 
bronchiolitis cases and the risk of bronchiolitis increased with cold temperature, high 




In Europe, a study conducted by Andriessen, et al. (1998), studied the association 
between home dampness and incidence of respiratory symptoms. The study showed 
that occurrence of cough and upper respiratory symptoms was significantly higher in 
children living in houses with reported molds, compared with ‘dry’ homes.  
 
Spengler, et al. (1994), showed in a study of 9–11-year-old children in 24 North 
American communities that chronic respiratory symptoms (bronchitis, asthmatic and 
lower respiratory) were significantly associated with reported home dampness and 
presence of moulds.  
 
In Finland, Jaakkola, et al. (1993), studied the association between home dampness 
and moulds as determinants of respiratory symptoms and asthma in pre-school 
children. The study revealed that stubborn cough, wheezing, phlegm and nasal 
symptom were positively associated with the presence of moisture and visible 
moulds. In this study asthma was not found to be associated with home dampness. 
  
In United States (USA), a study conducted by Brunekreef, et al. (1989), this study 
observed the association between measures of home dampness and respiratory illness 
and symptoms in a cohort of 4,625 eight- to 12-yr-old children living in six U.S. 
cities. Results showed that there was a reliable and strong link between reported 
dampness in the home and childhood respiratory symptoms. They discovered only a 
weak, insignificant association between home dampness and pulmonary function.  
 
A study conducted by Douwes (2012), this study showed that cold households have 
been linked with increased prevalence of respiratory symptoms and other chronic 
health problems. 
 
A study conducted by Institute of Medicine (IOM) (2004), which included studies 
from several European countries, it was expected that at least 20% of houses had one 




Maakinen, et al., (2009), The results showed that cold temperatures and low 
humidity are linked with an increased incidence of respiratory tract infections. 
 
In Thailand, based on a 2012 literature review conducted by Guo et al., this study 
showed that exposure to both hot and cold temperatures were associated to increased 
death. Both cold and hot effects occurred directly but cold effects lasted longer than 
hot effects temperatures on population health.  
 
In England and Wales, a study conducted by Langford and Bentham (1995), showed 
that high temperatures had significant effects on deaths from all causes, chronic 
bronchitis, pneumonia, ischemic heart disease, and cerebrovascular disease. 
  
According to WHO (2009), a case-control study of asthma in the West bank and 
Gaza Strip, including participants in villages, cities and refugee camps. The results  
showed that 62 of 110 dwellings (56%) had observable moulds on the walls and 
ceilings. Another study in Ramallah City that showed that the occurrence of houses 
characterized as damp with visible moulds was highest in the refugee camps, with an 
estimated 75% of houses affected.  
 
According to study conducted by AL-Khatib, et al. (2005), in the West Bank, 188 
randomly selected houses in the Al-Ama’ri refugee camp south of Ramallah city 
revealed that 78.2% of the houses had damp problems, leaks or indoor moulds. 
 
When the humidity decrease in the indoor dwelling which lead to improve resident 
comfort , air quality and this study  shows that indoor humidity has a significant 
effect on resident comfort, perceived air quality (PAQ) (Simonson , et al.,2002). 
 
A study conducted by Fang et al., (2004), revealed that the increasing in the 
temperature and humidity lead to SBS symptoms and a longer time exposure to low 





In United States, a study conducted by Fisk et al., (2007), showed that the occurrence 
of dampness or moulds in houses to be approximately 50 %. 
 
In Singapore, According to study conducted by Tham, et al. (2007), in a study of 
4759 children, showed that the occurrence of dampness in the child’s bedroom was 
5% and that of mould was 3%.  
 
In Taiwan, a study conducted by Yang ,et al. (1997), they are  study the relationships 
between dampness in houses and respiratory symptoms in 4,164 primary school 
children in the subtropical rural areas of the Kaohsiung region. And this study 
showed that 12.2% of the parents or guardians considered their dwelling to be damp, 
30.1% informed the occurrence of visible mould inside the house in the past year, 
43.4% informed the presence of standing water, water damage or leaks, and 60% 
informed at least one of these incidences. 
 
 
2.2.1.5 Crowding and health 
Overpopulation in households reasons ill-health because it creates disease spread 
easier and because the lack of private space causes stress. Overpopulation is related 
to socioeconomic level, and the poor often have little choice but to live in restricted 
situations (WHO,2002).  
 
A study conducted by Ibsaiss (2004), study the impact of housing conditions on the 
health of the people at (Al-Ain) Camp refugee in Nablus district, focusing on upper 
Respiratory Tract diseases, during the period through January to February 2003 
using interview. Results showed that 47% of children sleep alone, while 23.5% of 
children share bed with another child, 8.1% of children share with two other 
children, 3.4% of children share with three other children, 34.2% of houses have no 
one smoking, while 49% have one person smoking in house,10.4% have two 
smoking in house, 3.4% have three smoking in house and overcrowding is linked 
with other health factors such as income as well as exposure to other risk factors such 
as tobacco smoke. 
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Overpopulation as a public health problem is showed by two aspects. First, the 
crowding within the household, which is more than two people in each habitable 
room, i.e. bedrooms and living rooms. The second aspect, overpopulation between 
the households, is reproduced by the densely populated area. The housing patterns in 
the refugee camps in Palestine consist of wall to wall housing with narrow paths and 
streets in between ( Filfil,1999) 
  
Al-Khatib and Tabakhna (2006), studied some of the housing conditions at Jalazone 
Refugee Camp and their impact on refugees’ health inside the camp, especially those 
with respiratory symptoms and diseases. A randomized sample of 200 housing units, 
representing one fifth of the camp’s population, was selected. And results showed 
that significant relationship between some respiratory conditions (common cold, 
cough, tonsillitis and ear infection) and poor housing conditions (including damp and 
mould), overcrowding and high population density, 60% of households had 3 or 
fewer rooms and 75.0% had 1 or 2 bedrooms, smokers were present in 74.0% of the 
households: 48.5% had 1 smoker, 16.0% had 2 smokers and 9.5% had ≥ 3 smokers. 
And overpopulation helped the spread of infectious illnesses, e.g. common cold, 
tuberculosis, influenza.  
 
Farah (2000), showed that nearly 40% of households have a density of three 
individuals or more per room. Also she stated that in most housing, one room is 
developed more than others, and in some housing there might be four or six 












This chapter describes the methodology that was used in this research. The adopted 
methodology to accomplish this study uses the following techniques: the information 
about the research design, research population, questionnaire design, statistical data 
analysis, content validity and pilot study.  
 
3.1 Study design  
The design of this study is a cross sectional retrospective correlation study was 
chosen as appropriate to achieve the aims. And to determine the prevalence of 
respiratory diseases in children less than 6 years of age. And describe some of the 
environmental factors to which those children are exposed (for example ventilation 
effectiveness, type of residence, type of heating used). 
 
3.2 Research chapters 
Chapter I of the research thesis proposal included identifying and defining the 
problems and establishment objective of the study and development research plan. 
Chapter II of the research included a summary of the comprehensive literature 
review. Literatures on claim management was reviewed.  
Chapter III of the research included a field survey which was conducted with the 
relationship between indoor air quality and lower respiratory tract infection among 
children at middle governorate of Gaza Strip 
Chapter IV of the research focused on the modification of the questionnaire 
design, through distributing the questionnaire to pilot study, The purpose of the 
pilot study was to test and prove that the questionnaire questions are clear to be 
answered in a way that help to achieve the target of the study. The questionnaire 
was modified based on the results of the pilot study.  
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Chapter V of the research focused on distributing questionnaire. This questionnaire 
was used to collect the required data in order to achieve the research objective. 
Chapter VI of the research was data analysis and discussion. Statistical Package for 
the Social Sciences, (SPSS) was used to perform the required analysis. The final 
phase includes the conclusions and recommendations. 
 Ninety  questionnaires were distributed to the research population  and Eighty three    
questionnaires are received  















Data Analysis  
Conclusion & 
Recommendation   




Questionnaires   
Questionnaires 
Validity 




 3.3 Study population  
Study population consists of each child less than 6 years of age who were admitted 
with lower respiratory tract infection in El Aqsa hospital, throughout the study period 
between December 2012 and the March 2013. 
 
3.4. Study settings  
The study performed at the middle zone governorate in Gaza  strip, in which they 
received their secondary and tertiary health services in Al-Aqsa hospital. 
 
 
3.5.  Study sample 
The population sample were selected in the period of 1st of December 2012 to 1st  
March 2013. The total number is 90 children were infected with lower respiratory 
tract infection, then questionnaires were distributed to members of the sample, 
however,  83 questionnaires are applied. The rest seven families refused to 
participate in this study. 
 
 
3.6 Eligibility criteria 
this study should have the following criteria: 
3.6.1. Inclusion criteria 
 A children who were admitted with lower respiratory tract infection in Al-
Aqsa hospital, Pediatric department, through the study period. 
 A child less than 6years of age. 
 Acceptance to consent form to become as a part of the study. 
 
3.6.2  Exclusion criteria 
 Any child who was admitted without lower respiratory tract infection in the 
same period. 




3.7 Period of the study 
The study was conducted from October 2012 to November 2013, it was started by 
preparing research proposal, then get the approval from the University to start the 
study in December 2012, the approval from Ministry of Health (MOH) to start data 
collection, designing the data collection instruments, after pilot study, data collected 
from December 2012 to March 2013and then data analysis and writing in June to 
October 2013. 
 
3.8 Data collection methodology 
 In order to collect the needed data for this research, secondary resources were used 
in collecting data such as books, journals, statistics and web pages , in addition to 
preliminary resources that not available in secondary resources through direct and 
indirect methods: the indirect method included an interview questionnaires that 
distributed to study population in order to get their opinions about the " the 
relationship between indoor air quality and lower respiratory tract infection among 
children at middle governorate of Gaza strip, while direct method included humidity, 
temperature, CO2 and CO measured. Research methodology depend on the analysis 
of data on the use of descriptive analysis and use the main program (SPSS). 
 
 
3.9  Study instrument  
3.9.1 The indirect methods (interview questionnaire) 
A modified questionnaire of the American Thoracic Society (1978) was used. The 
questionnaire was sent to a specialist in environment , health and to a specialist in 
English translation . An English version is attached in (Annex7). 
A questionnaire was provided with a covering letter explaining the purpose of the 
study, the way of responding, the aim of the research and the security of the 
information in order to encourage a high response. The questionnaire included 
multiple choice questions: which used widely in the questionnaire, the variety in 
these questions aims first to meet the research objectives, and to collect all the 




The questionnaire are classified into the following section: 
First section : Personnel information. 
Second section: Child health information.  
Third  section : Housing child questions. 
 
3.9.2.  The direct method 
 
Humidity, temperature measured by (Digital Multimeter MASTECH MS8209) 
(Annex 8) and figure (3.2). 
 
CO2, CO measured by (Kanomax Handheld IAQ Monitor Model 2211) (Annex 9) 





Figure (3.2) Digital Multimeter MASTECH MS8209 
 
Figure (3.3) Handheld IAQ Monitor Model 2211 
All this parameters measured in the children house and took place in each dwelling 
for a minimum of half hour continuously in the morning period at 9,10,11,12 a.m. 






3.10 Pilot study                            
A pilot study for the questionnaire was conducted before collecting the results of the 
sample. It provides a trial run for the questionnaire, which involves testing the 
wordings of question, identifying ambiguous questions, testing the techniques that 
used to collect data, and measuring the effectiveness of standard invitation to 
respondents . 
 
3.11 Validity of the research instruments                             
The validity of an instrument could be defined as a determination of the extent to 
which the instrument actually reflects the abstract construct being examined. 
"Validity refers to the degree to which an instrument measures what it is supposed to 
be measuring". High validity is the absence of systematic errors in the measuring 
instrument. When an instrument is valid; it truly reflects the concept it is supposed to 
measure. Achieving good validity required  the care  in the research design and 
sample selection . The amended questionnaire was  by the supervisor and three 
expertise in the tendering and bidding environments to evaluate the procedure of 
questions and the method of analyzing the results. The expertise agreed that the 
questionnaire was valid and suitable enough to measure  the purpose that the 
questionnaire designed for. 
 
3.11.1  Content validity of the questionnaire                         
Content validity test was conducted by consulting two groups of experts. The first 
was requested to evaluate and identify whether the questions agreed with the scope 
of the items and the extent to which these items reflect the concept of the research 
problem. The other was requested to evaluate that the instrument used is valid 
statistically and that the questionnaire was designed well enough to provide relations 
and tests between variables. The two groups of experts did agree that the 
questionnaire was valid and suitable enough to measure the concept of interest with 
some amendments.  
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3.12 Statistical manipulation 
To achieve the research goal, researcher used the statistical package for the Social 
Science  (SPSS) for Manipulating and analyzing the data. 
Statistical methods are as follows: 
 
1- Frequencies and Percentile 
2- Person correlation coefficients for measuring validity of the items of the    
questionnaires. 
3- chi square test. 
 
3.13 Ethical consideration 
All ethical considerations required was committed. Ethical approval was obtained 
from Islamic University-Gaza (Annex1).  
 Also an official approval was obtained from the Ministry of Health-Gaza, by the 
General Directorate of Human Resource Department (Annex 2). 
Every participant in the study received a complete explanation about the research 
purposes and confidentiality. Every family child in the study population informed 
about the optional participation in the study. All the ethical consideration observed, 
respect for people and human rights and respect for truth. Confidentiality was given 
and maintained (Annex 5). 
 
 
3.14 Limitations of the Study 
1. Lack of financial resources. 
2. Electricity issue. 






Results & Discussion 
This chapter illustrates the results of statistical analysis of the data including 
descriptive analysis that presents the demographic characteristics, and the answers of 
the research questions about the relationship between IAQ and lower respiratory tract 
infection among children less than 6 years of age at middle governorate in Gaza strip, 
Palestine.  
 
4.1 General characteristics of indoor air quality indicators  (Humidity 
,Temperature,  CO2 ppm, Co ppm ). 
 
Table 4.1   Temperature , humidity, CO ppm and CO2 ppm of the study 
compared to ASHREA standard or EPA  
               
  
Variable 























Humidity% 50.0 76.5 69.3 5.27 30% to 65%( ASHREA) 
Temperature 17.9 24.2 20.1 1.32 
Winter 68 to 74.5°F 
20.0 oC-23.6 oC (ASHREA) 
CO2ppm 300. 1177.0 591.1 152.0 
No more than about 700 ppm 
over outdoor 
ambient(ASHREA) 
Co ppm 0.40 7.60 3.51 1.17 
9 ppm for average of 8 hours 
35 ppm for average of 1 hour 
(EPA) 
 ppm: part per million 
 
Regarding to the table (4.1) which revealed that the total mean of relative humidity 
was 69.3% which was  more than the American Society of Heating, Refrigerating 
and Air-Conditioning Engineers ( ASHREA) standard. While the total mean for 




Although the average concentration of CO2 complied with the ASHREA standards, It 
was only in some homes higher than standardized level which is an indication of lack 
of good ventilation. The maximum was 1177ppm . 
On the other hand, total mean for concentration of carbon monoxide was less than 
the  EPA standard at (3.51ppm) on average. This is a good indicator . 
  
A study conducted by Thomas Kovesi et al., (2007) showed that the indoor mean 
CO2 levels were elevated, with a mean of 1358 (SD 531) ppm, the total mean for 
relative humidity was 29.1% and the total mean for temperature was 25.0 °C.   
Temperature should be maintained between 20°C and 24°C and humidity between 
30% and 60% to inhibit bacterial multiplication (WHO, 2003) .  
 
The researcher explained this finding by the limitation of resources measuring 
devices to measure all of the parameter all over the night in the participant patient 
home .  
 
 
 4.2 Socio-demographic characteristics 
 
Table (4.2) clarifies that 74.7% of the total of respondent were Child's mother, 15.7% 
Child's father, 7.2% Other female, and 2.4 % other male. This result shows that the 
mother is more interested and suffering during her child illness. A study conducted 
by Ibsaiss (2004), showed that 74.5% met mothers, while only 4% met fathers, 14% 
interview with grandmothers. 
 
The table also shows that 48.2% of the sample are Male, and  51.2% of the sample 











Table 4.2 Summary of socio-demographic characteristics 
 
Variable Frequency Percent 
Respondents 
Child's mother    62 74.7 
Child's father 13 15.7 
Other female 6 7.2 
Other male 2 2.4 
Total 83 100.0 
Sex of child 
Male 40 48.2 
Female 43 51.8 
Total 83 100.0 
 
 
Of the households in the study, 45.8% of the sample are from Deir al-Balah, 22.9% 
of the sample are from AL Boreij , 16.9% 0f the sample are from Nusayrat, 9.6% of 








In terms of the educational level of the parents of children involved in the study, 
29.5% of the parents had studied at university level, 1.2% had vocational education, 







    
4.3 Child health conditions 
Table (4.3) shows that 85.5 % from the sample have morning cough, 69.9% have 
shortness of breath, 59.0% have morning phlegm, 62.7 % usually have cough apart 
from cold, but 37.3% have cough with colds, 55.4% child's chest ever sound wheezy 
or whistling occasionally apart from colds, but 44.6% child's chest ever  sound 
wheezy or whistling when (he/she) has a cold in the last 3 month. 
 
Regarding the severity of illness of patient the above table (4.3) shows that 2.4 % 
from the sample is slight, 19.3% from the sample is moderate, 59.0% from the 





Table 4.3 Child have any of following symptoms in previous 3 month 
  
Indicators Frequency Percent 
Child Health 
Morning cough 
Yes 71 85.5 
No 12 14.5 
Total 83 100.0 
Shortness of breath 
Yes 58 69.9 
No 25 30.1 
Total 83 100.0 
Morning phlegm 
Yes 49 59.0 
No 34 41.0 
Total 83 100.0 
Pt. usually have a cough with colds 
cough with colds 
Yes 31 37.3 
No 52 62.7 
Total 83 100.0 
cough apart from colds 
Yes 52 62.7 
No 31 37.3 
Total 83 100.0 
chest ever sound wheezy or whistling When (he/she) has a cold  
Yes 37 44.6 
No 46 55.4 
Total 83 100.0 
chest sound wheezy or whistling Occasionally apart from colds 
Yes 46 55.4 
No 37 44.6 
Total 83 100.0 
severity of illness 
Slight 2 2.4 
Mild 0 0.0 
Moderate 16 19.3 
Bad 49 59.0 
Severe 16 19.3 
Total 83 100.0 
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Cases diagnosed with lower respiratory tract infection in the last 12 months 
January 34 41.0 
February 18 21.7 
March 4 4.8 
April 1 1.2 
May 1 1.2 
June 1 1.2 
July 0 0.0 
August 0 0.0 
September 1 1.2 
October 1 1.2 
November 2 2.4 
December 20 24.1 
Total 83 100.0 
Death of child under 5 years old 
yes  4 4.8 
No  79 95.2 
Total 83 100.0 
 
Additionally, table (4.3) shows that 41.0% from the children has been diagnosed with 
lower respiratory tract infection by hospital doctor in the previous 12 months at 
January, 24.1% at December, 21.7% at February, 1.2% at May, 1.2% at  September, 
1.2% at June, 1.2% at October, 4.8 % at  March, 2.4% at  November, and 1.2 % at  
April . 
 
Regarding death of children under 5 years old Table (4.3) shows that 95.2 % from 
the sample  has no  children under 5 years that have died in this household, but 4.8 % 
from the sample  has children under 5 years that have died in this household.  
 
However, the mortality rate in Palestine under five years was 2.5per 1000 live births 
between 2005 and 2010 (Palestinian Central Bureau of Statistics (PCBS),2011).This 
results is good indication because that all children are vaccinated against infectious 
diseases according to child  immunization schedule which is given free from The 






4.4 Family health conditions 
 
Table (4.4) shows that 9.6% from the siblings had bronchitis, 13.3% had  asthma, 
and 6.0% had pneumonia. This table shows that 1.2% from the mother had  
bronchitis, 3.6% had asthma, and 4.8% had Pneumonia. However, 1.2% from the 
father had bronchitis, 6.0% had asthma, and 2.4% had pneumonia. 
These results show that adults are less exposed to lower respiratory tract infection 
and they have strong immunity (Table 4.4).   
 
 
Table 4.4 Summary of the morbidity of family members 
 
Indicators 
Bronchitis Asthma Pneumonia 
Frequency Percentages Frequency Percentages Frequency Percentages 
Morbidity of siblings  
Yes 8 9.6 11 13.3 5 6.0 
No 70 84.3 70 84.3 74 89.2 
Don’t 
know 5 6.0 2 2.4 4 4.8 
Total 83 100.0 83 100.0 83 100.0 
Morbidity of mother  
Yes 1 1.2 3 3.6 4 4.8 
No 79 95.2 79 95.2 78 94.0 
Don’t 
know 3 3.6 1 1.2 1 1.2 
Total 83 100.0 83 100.0 83 100.0 
Morbidity of Father  
Yes 1 1.2 5 6.0 2 2.4 
No 81 97.6 77 92.8 80 96.4 
Don’t 
know 1 1.2 1 1.2 1 1.2 









4.5 Housing child characteristics  
4.5.1 Housing child condition 
Table (4.5) shows that  51.8% from the sample live in  reinforced concrete home, 
10.8 % lives in metal sheet home, 2.4% lives in mud home, and 34.9% lives in 
asbestos home. Furthermore, 30.1% from the sample lives in homes that were built in 
the less than 10 years, whereas 39.8% lives in homes that built longer than10 years 
but less than 20 years. However, 30.1%  lives in homes that built were built over on 
longer than 20 years. 
 
Regarding number of rooms in patient home (not counting bathrooms) table (4.5) 
shows that  12.0 % from the sample  has  a one  room, 33.7% has  a two  rooms, 
27.7%  has three  rooms and 26.5% has  4 rooms or more. 
  
Table 4.5 Summary of the housing child condition 
  
Indicators Frequency # Percent % 
Housing child condition 
Type of dwelling 
Reinforced concrete home 43 51.8 
Metal sheet home 9 10.8 
Mud home 2 2.4 
Asbestos home 29 34.9 
Total 83 100.0 
Years since built dwelling 
Less than 10 years 25 30.1 
10-20 years 33 39.8 
More than 20 years 25 30.1 
Total 83 100.0 
Number of rooms in pt. home 
1 room 10 12.0 
2 rooms 28 33.7 
3 rooms 23 27.7 
4 rooms or more 22 26.5 
Total 83 100.0 
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The number of family members Frequency # Percent % 
Less than 5 people 14 16.9 
5-10 people 50 60.2 
more than 10 people 19 22.9 
Total 83 100.0 
The number of people share his/her bedroom 
Own room 0 0.0 
1 person 5 6.0 
2 person's 23 27.7 
3 or more person's 55 66.3 
Total 83 100.0 
The number of children under 12  
Less than 5 children's 58 69.9 
5  children's or more  25 30.1 
Total 83 100.0 
Years lived in that dwelling 
Less than 5 years  27 32.5 
5 years or more  56 67.5 
Total 83 100.0 
 
While 16.9% from the sample live in homes containing  less than 5 residents, 60.2% 
live in homes containing 5-10 residents, and 22.9% live in homes containing more 
than 10 residents. 
 
Crowding is one of the causes of highly spread of infectious diseases , when one 
patient has any LRTI diseases and another one in the family contact directly with 
him that may increase the possibility of infection. Ibsaiss (2004), through studies 
researcher believes that overpopulation is a key factor and  may increase the risk of 
lower respiratory tract infection among young children. 
 
Of those households that were included in the study, 6.0% of households have two 
individuals per room, 27.7% have three individuals per room and 66.3% have four 
individuals or more per room. 
 
This result is consistent with Farah (2000), that showed that nearly 40% of 
households have a density of three individuals or more per room. Also she stated that 
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in most housing, one room is developed more than others, and in some housing there 
might be four or six individuals in the same room, but that is inconsistent with 
Ibsaiss (2004) in term of overpopulation. Overpopulation in households causes ill-
health because it makes the disease spread easier( WHO,2002). 
 
Additionally, table (4.5) shows that 69.9 % from the sample has less than 5  children 
younger than twelve years that  lives in the same home, and 30.1% from the sample 
has more than 5  children younger than twelve years that  lives in the same home. 
However, 19.3% from the sample homes has a very good  air quality, and 48.2% 
from the sample homes has a relatively good air quality, and 32.5% from the sample 







4.5.2 Floor and wall status in  room child sleep or living room 
Table (4.6) shows that 42.2%  of the rooms floor were the children sleep was covered 
with carpet, 7.2% was covered with Mud. But, 54.2% was covered with ceramic or 
tile, and  6.0% from the floors  of living rooms was cover with mud . However, 
nearly 75.9 % from the walls of  the room where children sleep and living room was 
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painted, 2.4% from the walls of  the room where children sleep and living room was 
mud. 
 
Table 4.6 Floor and wall status in  room child sleep or living room 
 
Indicators Room child sleeps living room 
Frequency  Percentages  Frequency  Percentages  
What is the floor like 
Carpet 35 42.2 17 20.5 
Mud 6 7.2 5 6.0 
Ceramic or Tile 32 38.6 45 54.2 
Concrete 10 12.0 16 19.3 
Other 0 0.0 0 0.0 
Total 83 100.0 83 100.0 
What is your wall like 
Carpet 2 2.4 1 1.2 
Painted 63 75.9 63 75.9 
Concrete 16 19.3 17 20.5 
Mud 2 2.4 2 2.4 
Other 0 0.0 0 0.0 
Total 83 100.0 83 100.0 
have you made any changes in your home in the last 3 months 
New carpet 2 2.4 3 3.6 
Painted 
wall/floor 8 9.6 14 16.9 
Purchased new 
furniture 1 1.2 3 3.6 
No changes 72 86.8 63 75.9 
Total 83 100.0 83 100.0 
 
Additionally, table (4.6) shows that 2.4  % from the sample had  new carpets  at the 
room where child sleeps within the last 3 months, and 9.6% from the sample has 
painted the wall/floor at the room where child sleeps within the last 3 months. While, 
3.6% from the sample had new carpets  at the  living room within the last 3 months, 
and 16.9% from the sample has painted the wall/floor at a  living room within the last 
3 months. However, nearly (86.8%,75.9%) has changed nothing in the room where 




The indoor environment in any structure is a result of the contact between the site, 
climate, building system (original design and later modifications in the structure and 
mechanical systems), construction techniques, contaminant sources (building 
materials and furnishings, carpets, moisture, processes and activities within the 
building, and these environmental factors cause many problems in the lower 
respiratory tract problem (EPA ,1991).  
 
  
4.5.3 Fuel used, type of heating, frequency of washing, frequency of air   
ventilation in housing child 
 
In terms of the fuel used in housing child, 79 % used bottled, tank or LP gas for 
cooking which is the highest percentage followed by wood (13.3)%, electricity 




This results consistent with study conducted by Ibsaiss (2004) in Al-Ain Refugees 
Camp in Palestine about housing health relationship, the results showed that 17.4% 
used kerosene in heating, 42.3% used gas, 4.7% used electricity, 8.7 %used wood, 
3.4% used coal, 3.4% used kerosene gas, 20% others. If cooking with clean fuels is 
not possible, then building the kitchen with permeable building material and 
providing good ventilation in cooking areas will yield a better indoor health 
environment. (Dasgupta, et al.,2009). 
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In terms of the type of heating used in winter season  ,51.8% from the sample  not 
used  any type of heating  in winter. But, 24.1% from the sample used  wood stove, 





The researcher thinks that this percentage of wood stove used are bad indication and 
may increase the risk of lower respiratory tract infection among young children. A 
study conducted by Ibsaiss (2004), showed that 17.4% used kerosene in heating, 
42.3% used gas, 4.7% used electricity, 8.7 %used wood, 3.4% used coal, 3.4% used 
kerosene gas, 20% others.  
 
 
Of the households in the study,50.6%  of the households  frequency of washing child 
room is few times a week, 12.0% every day,   16.9%  few times a month  12.0 %  













In terms of the frequency of air ventilation in the last 3 month, 69.9% of the 
households opened windows  every day, while 18.1% opened once in a week and 







From the researcher's view, this results is considered an indication of good air 
ventilation. A study conducted by WHO (2003-2004), showed that 62.0% of the 
households opened window every day, while 15.6% opened once in a week and 
22.4% seldom opened in a month or never opened a window in the winter season.  
 
 
4.5.4 Presence of any type of mold(fungi), street movement around households 
and birds living in child home 
 
Of those households that were included in the study, 68.7% of the households had 





This result is consistent with the study of Al-Khatib and Tabakhna (2006), showed 
that dampness was present in 72.5% of houses, 50.5% had mold and 37.0% had 
leakage. 
 
The researcher believes that this percentage of presence of mold and fungi in the 
households is consider high percentage and may increase the risk of lower 
respiratory tract infection among young children. 
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The presence of great relative humidity in structures, especially when attended by 
warm temperatures can encourage the presence of dust mites in buildings with 
carpets and other soft furnishings, and these factors causes asthma and other allergic 




Additionally, table (4.7) shows that 39.8% from the sample households was 
surrounded by busy street movement, but 16.9% of households is very busy, and 
43.4% of households is  less busy, this results may lead to poor air quality which 
may be one of the causes of LRTI. A study conducted by WHO (2003-2004), 
showed that 70.0% were living in the area of high traffic, while 30% were living in 
areas with less traffic. 
28.9% from the sample have a bird living in the home, but 71.1% from the sample 
don't have a bird living in the home. 
 
Table 4.7 Street movement around households and birds living in child home 
 
Street movement around households 
Very busy 14 16.9 
Busy 33 39.8 
Less busy 36 43.4 
Total 83 100.0 
Birds living in child home 
Yes 24 28.9 
No 59 71.1 









4.5.5  Smoking status  
In terms of the smokers in the studied households, 50.6% had smokers, 49.4% 





Of those households that had smokers, 83.3% had 1  smokes family member, while 
9.5% had 2 members, and 7.1% had  3-4 members. In terms of the Frequency of 
smoking, 92.9 % smoked every day, and 4.8% smoked  few times in a week, and 
2.4% smoked few times in a month (table 4.8). 
 
Table 4.8 Smoking status 
 
Indicators Frequency Percentages 
Smoking status  
Number  of the smokers in the studied households 
1 people 35 83.3 
2 peoples 4 9.5 
3-4 peoples 3 7.1 
Total 42 100.0 
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Frequency of smoking  Frequency Percentages 
Everyday 39 92.9 
Few times in a week 2 4.8 
Few times in a month 1 2.4 
Rare 0 0.0 
Total 42 100.0 
 
The researcher thinks that this results consider bad indication and may increase the 
risk of lower respiratory tract diseases. However, the current finding of this study is 
consistent with a study conducted in (Al-Ain) Camp refugee in Nablus district by 
Ibsaiss (2004) which indicate that 34.2% of houses have no one smoking, while 49% 
have one person smoking in house, 10.4% have two smoking in house, 3.4% have 
three smoking in house. Another study conducted in Jalazone Refugee Camp by Al-
Khatib, et al. (2006) which indicate that 48.5% had 1 smoker, 16.0% had 2 smokers 
and 9.5% had ≥ 3 smokers and a study conducted by WHO (2003-2004) which 
indicate that 59.5% (296) had smokers. Of those households that had smokers, 82.4% 
had 1 smoker family member. 
Exposure to SHS among children is a main pediatric problem and is linked with 
raised risk of many disease such sudden infant death syndrome, acute respiratory 














4.6 Relationships between variables 
4.6.1 Relationships between CO ppm, CO2 ppm and housing child condition 
The researcher used Chi-square test to examine the differences in CO ppm and CO2 
ppm and housing child condition. 
 
Table 4.9 Relationships between CO ppm, type of heating used, the number of 





Pearson Chi-Square p-value 
Type of heating used in winter season 192.634 .040 
The number of family members  606.013 .033 
Number of rooms in pt. home 258.376 .057 
Fuel used for cooking 156.660 .000 
 
Table 4.9 shows the differences in CO ppm, type of heating used, the number of 
family members, number of rooms and fuel used for cooking, the p-value (Sig.) is 
less than the level of significance at α = 0.05 for the all variables and then there is 
significant differences in CO ppm, type of heating used, the number of family 
members, , number of rooms and fuel used for cooking. 
From the researcher's view, incomplete consumption of fuel and inefficient waste gas 
exhaust may contribute to increase the proportion of carbon monoxide household. 
 
 
Table 4.10 Relationships between CO2 ppm, CO ppm, type of dwelling and 













Type of dwelling  230.644 .194 87.584 .718 
Number of people share 
his/her bedroom  156.617 .190 56.085 .749 
 
Table 4.10 shows the differences in CO2 ppm, CO ppm, type of dwelling and number 
of people share his/her bedroom of the study population, the p-value (Sig.) is greater 
than the level of significance at α = 0.05 for the all variables and then there is no 
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significant correlation between CO2 ppm, CO ppm, type of dwelling and number of 
people share his/her bedroom. 
However, The findings in this study are completely different in comparison with the 
study conducted by WHO (2003-2004) showed that there was a correlation between 
type of dwelling and carbon monoxide (Rx=0.4, p< 0.000). 
 
Table 4.11 Relationships between CO2 ppm, CO ppm, frequency of air 
















Frequency of air ventilation in the 
last 3month 200.917 .714 92.224 .590 
Smokers in the studied households 70.998 .478 29.630 .587 
Street movement around households  151.603 .275 57.470 .705 
 
Table 4.11 shows the differences in CO2 ppm, CO ppm, frequency of air ventilation, 
smokers in the studied households and street movement around households of the 
study population. The p-value (Sig.) is greater than the level of significance at α = 
0.05 for the all variables and then there is no significant correlation between CO2 
ppm and CO ppm and frequency of air ventilation and smokers in the studied 
households and street movement around households. A study conducted by Ibsaiss 
(2004), found relation between number of smoker in houses and infected with throat 
ache (P=0.002<0.05) Chi = 54.092. 
 
 
4.6.2 Relationships between relative humidity, temperature and housing child 
condition. 
Table 4.12 shows the differences in relative humidity, temperature, type of dwelling 
and number of people share his/her bedroom of the study population, the p-value 
(Sig.) is greater than the level of significance at α = 0.05 for the all variables except 
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temperature with type of dwelling, the p-value is .034  and then there is no 
significant correlation between relative humidity, temperature and number of people 
share his/her bedroom. 
 
Table 4.12 Relationships between relative, temperature, type of dwelling and 
















Type of dwelling  189.155 .252 146.348 .034  
Number of people share his/her 




Table 4.13 shows the differences in relative humidity, temperature, frequency of air 
ventilation, smokers in the studied households and presence of any type of 
mold(fungi)  in pt. house of the study population, the p-value (Sig.) is greater than 
the level of significance at α = 0.05 for the all variables and then there is no 
significant correlation between relative humidity%, temperature, frequency of air 
ventilation and smokers in the studied households and presence of any type of 
mold(fungi)  in pt. house of the study population. 
 
Table 4.13 Relationships between relative humidity, temperature, frequency of 
air ventilation, smokers in the studied households and presence of any type of 
















Frequency of air ventilation in the last 
3month 198.015 .133 67.419 1.000 
Smokers in the studied households  58.997 .476 44.372 .256 
Presence of any type of mold(fungi) in pt.  
house . 56.271 .577 30.782 .823 
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4.6.3 Relationships between LRTI(Bronchopneumonia, pneumonia, Bronchitis,) 
, Relative humidity, temperature, CO2  ppm and CO ppm 
 
Table 4.14 shows the differences in LRTI, relative humidity, temperature, CO2 ppm 
and CO ppm, the p-value (Sig.) is greater than the level of significance at α = 0.05 
for the all variables and then there is no significant correlation between LRTI, 
relative humidity, temperature, CO2 ppm and CO ppm. 
 
Table 4.14 Relationships between LRTI, relative humidity, temperature, CO2 
ppm and CO ppm 
 











Square 101.781 73.689 136.312 80.437 
p-value .856 .617 .619 .080 
  
The results in the tables of (4.10 - 4.14) in the current study are different with the 
study conducted in  Mongolia by WHO (2003-2004) which has measured this 
pollutants level for 12 hours continuously between 8:00 p.m. and 8:00 a.m. (night-
time) in the child's home. Results showed that  there was some correlation between 
mean concentration of carbon monoxide and respiratory symptoms, such as chest 
tightness, morning cough, morning phlegm and shortness of breath (p<0.05). 
  
Another study conducted by Kovesi et al. (2007), studied the relationship between 
indoor air quality and the risk of lower respiratory tract infections in young Canadian 
Inuit children. Results showed that lower respiratory tract infection was significantly 
associated with mean and maximum indoor CO2 levels, occupancy, relative humidity 
and age of houses . 
 
 The researcher thinks that the cause of the difference between this study and our 
study is mainly due to the short period that was used to measure the pollutants in the 
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patients' homes which did not exceed 30 to 60 minutes and other risk factors for 
lower respiratory tract infection which were not included in this study. 
 
Table 4.15 shows the differences in relative humidity, CO ppm, wall status in  room 
child sleeps and wall status in  living room of the study population, the p-value (Sig.) 
is less than the level of significance at α = 0.05 for the all variables and then there is 
significant correlation between relative humidity, CO concentration, wall status in  
room child sleeps and wall status in  living room of the study population except wall 
status in  room child sleeps with CO ppm . The current finding of this study is 
inconsistent with a study conducted in  Mongolia by WHO (2003-2004). 
 
Table 4.15 Relationships between relative humidity, CO ppm, wall status in  









Wall status in  room child sleeps  220.812 .014 117.592 .067 
















Conclusions and Recommendations 
5.1 Conclusions  
 The study revealed that the total mean of relative humidity was 69.3% which 
was  more than the USA( ASHREA) standard (30% to 65%). 
  Also, the total mean for temperature was 20.1oC which was  in the normal 
average of the stander of the USA( SHREA).  
 On the other hand, the average concentration of CO complied with the 
ASHREA standards at 3.51ppm on average. 
  But, the total mean for concentration of CO2 was less than the  EPA standard 
at 591.1ppm on average. 
 The study clarifies that 74.7% of the total of respondent were child's mother, 
15.7% child's father, 7.2% other female, and  2.4 % other male. 
 In terms of the educational level of the parents of children involved in the 
study, 29.5% of the parents had studied at university level, 1.2% had 
vocational education, 51.5% had secondary education, 17.5% had primary 
education. 
 Regarding child health conditions, 85.5 % from the sample have morning 
cough, 69.9% have shortness of breath, 59.0% have morning phlegm, 62.7 % 
usually have a cough apart from cold, but 37.3% have a cough with colds. 
But, 95.2 %  has no  children under 5 years that have died in this household. 
 In addition, about 51.8% from the sample live in  reinforced concrete home, 
10.8 % live in metal sheet home, 2.4% live in mud home, and 34.9% live in 
asbestos home. 
 33.7% from the sample  has  a two  rooms, 12.0 %  has  a one  room, 66.3% 
of people share his/her bedroom 3 or more persons. and 60.2% live in homes 
containing 5-10 residents, and 22.9% live in homes containing more than 10 
residents. 
 However, nearly 79 % used bottled, tank or LP gas for cooking is the highest 
percentage followed by wood about 13.3 %, electricity 6.0%, and then fuel oil 
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or kerosene 1.2%. Also ,51.8% from the sample  not used  any type of heating  
in winter. But, 24.1% from the sample used  wood stove, and 16.9% from the 
sample used  electric heater.  
 Regarding smoking status, smokers were present in 50.6% of the households: 
83.3% had 1  smoke among family member, while 49.4% had 3 members, 
and 7.1% had  4 members. 
 However, 68.7% of the households had mold or fungi , but 31.3 % had no 
mold or fungi, 39.8% from the sample households was surrounded by busy 
street movement, 50.6% of the households  frequency of washing child room 
is few times a week. 
 Correlation analyses indicated that there was significant relationship between 
CO ppm and type of heating used and the number of family members and 
number of rooms and fuel used for cooking. But, no significant relationship 
between CO2 ppm and CO ppm and type of dwelling and number of people 
share his/her bedroom and no significant relationship between CO2 ppm and 
CO ppm and frequency of air ventilation and smokers in the studied 
households and street movement around households. 
 In addition, the results showed that there was  significant correlation between 
relative humidity and CO ppm and wall status in  room child sleeps and wall 
status in  living room of the study population except wall status in  room child 












5.2 Recommendation  
 
In light of the findings from this study, the researchers make the following 
recommendations:  
 Establishing of suitable Palestinian standards for indoor air pollutants and 
construction of houses according to international guidelines is required. 
 
 Education and information dissemination for the community  on the public   
health risks associated with indoor environments are necessary. 
 
  Community awareness to reduce over population and exposure to 
environmental tobacco smoke in houses are essential. 
 
 Further education about the importance of houses ventilation and  exposing to 
the sun. 
 




5.2.1 Recommendations for further research 
 Similar studies may be performed to check contamination with other indoor 
air pollutants such as particulate matter (PM2.5, PM10). 
 
 Conducting similar research at patients houses for a minimum of 12 hours 
continuously between 8:00 p.m. and 8:00 a.m. (night-time). 
 
 Further research to assess pathogenic microbes culture and  bacteria count in 
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Annex NO.3 Measurements of relative humidity and temperature in child home 
 
Relative humidity  Temperature 
  
NO  Relative humidity  Temperature 
  
NO  
70 21.9 43 69.6 19.5 1 
65.1 22 44 72.6 18.4 2 
67.2 21 45 70.6 19.2 3 
73.5 20 46 69.4 21.4 4 
72.4 19.8 47 75.9 20 5 
71.6 20.6 48 70 20.2 6 
72.1 20 49 68.5 20 7 
72.4 20 50 61 22.3 8 
71.5 20.8 51 75.6 19 9 
74 18.3 52 63.7 20.4 10 
72.6 19.7 53 70.2 20 11 
71.8 20 54 71 21 12 
70.2 20.1 55 71.5 20.3 13 
72.5 19.5 56 70.9 20.2 14 
71.8 19.2 57 70.8 20.8 15 
72.3 18.8 58 71.2 23.2 16 
57.5 23.3 59 64.3 24.2 17 
75 22 60 73.7 20.5 18 
65.8 20.5 61 74.2 20.1 19 
75.2 20.2 62 70 20.6 20 
65.8 20.3 63 71.4 21.5 21 
68.6 20.6 64 62.5 19.2 22 
69.2 18.6 65 62.6 19.3 23 
70.8 18.9 66 71.2 22 24 
72.3 19.3 67 63.9 19.6 25 
69.7 18.3 68 64.7 18 26 
71.4 18.7 69 70 18.2 27 
68.2 19.1 70 70.5 18.4 28 
72.4 19.8 71 67.5 18.6 29 
76 21.2 72 60.3 18 30 
75.3 21.5 73 58.3 21.3 31 
71 21.4 74 60 20.8 32 
75.3 20.2 75 62 20 33 
74.2 18.5 76 63.2 17.9 34 
76.5 19.1 77 64.3 18.3 35 
76.4 19.4 78 50 21.5 36 
73.8 19.2 79 52.5 22.5 37 
70.2 19.6 80 65.8 22.6 38 
74.8 19.1 81 68 19.2 39 
76.3 18.8 82 68.2 20 40 
73.5 20.2 83 68.2 21.2 41 




 Annex NO.4 Measurements of CO2ppm and COppm in child home  
CO2ppm COppm  NO  CO2ppm  COppm  NO  
649 2.8 43 793 7.6 1 
455 2.6 44 778 7.2 2 
470 2.9 45 553 4.7 3 
625 3.5 46 513 1.8 4 
635 3.7 47 510 3.6 5 
508 3 48 651 4.1 6 
520 2.9 49 1177 4.9 7 
585 4.8 50 312 2.8 8 
470 2.6 51 575 2.8 9 
540 3 52 308 3.3 10 
517 3.5 53 485 2.5 11 
650 3.3 54 480 2.9 12 
545 2.8 55 331 0.4 13 
753 3.6 56 556 1.2 14 
665 2.9 57 300 2 15 
720 3.8 58 347 3 16 
542 4.9 59 345 1.8 17 
675 3.8 60 374 3.6 18 
735 6.4 61 481 3.1 19 
622 3.9 62 349 3.3 20 
675 6.3 63 409 2.7 21 
735 5.8 64 447 2.7 22 
568 4.3 65 442 2.5 23 
660 3.8 66 473 2.5 24 
675 3.2 67 984 3.6 25 
525 3.4 68 483 2.2 26 
490 3.3 69 650 3.2 27 
575 3.9 70 720 4.1 28 
565 4.3 71 643 3.4 29 
743 3.8 72 563 2.8 30 
665 2.8 73 463 3.4 31 
776 4.2 74 530 3.5 32 
810 4.2 75 757 4.8 33 
685 3.8 76 510 4 34 
663 3.2 77 456 2.8 35 
735 3.4 78 500 6.5 36 
744 3.2 79 488 2.9 37 
645 3 80 630 3.6 38 
783 3.8 81 683 3.8 39 
683 3.4 82 765 2.9 40 
695 3.1 83 754 3.1 41 





Annex No.5 Approval of child family 
 
 غزة – اإلسالمیة الجامعة
   العلیا الدراسات كلیة
البیئیة ماجستیر العلوم جبرنام 
  الصحة البیئیة
  
  
              
          استبانة الدراسة
،أخي المشارك المحترم، أختي المشاركة المحترمة  
  السالم علیكم ورحمة اهللا وبركاته..
التنفسي السفلي  تهدف هذه الدراسة إلى دراسة العالقة بین جودة الهواء الداخلي وعدوى الجهاز 
الدراسة استكماًال   ، وتأتي هذهفلسطین  -الوسطى من قطاع غزة  ةفال في المحافظلدى األط
كلیة  - غزة - لمتطلبات الحصول على درجة الماجستیر في الصحة البیئیة بالجامعة اإلسالمیة
 العلوم.
علمًا بان  وتعاونكم مهم جدا لنجاح الدراسة ُأقدِّر لكم كثیرًا  مشاركتكم بتعبئة هذه االستبانة
  دقیقة. ٢٠الوقت المتوقع لالنتهاء من تعبئتها هو 
   المشاركة في هذه الدراسة هي طوعیة ولدیكم الحق في االنسحاب في أي وقت. 
،  كما أن اجابتكم ستُعامل بسریة تامة الرجاء اإلجابة على األسئلة بصراحة وبدقة قدر اإلمكان
   وال تستخدم إال ألغراض البحث العلمي فقط.
  تعاونكم شكرًا لحسن
 الباحث




Annex No.6 Questionnaire’s explanatory letter (English) 
 
Islamic University-Gaza 








This study aims to studying the relationship between Indoor Air Quality and Lower 
Respiratory Tract Infection among Children Aged Less Than 6 Years at Middle 
Governorate of Gaza Strip, Palestine, and this thesis Submitted in Partial Fulfillment of 
the Requirements for the Degree of Master in Environmental Health . 
Thank you for your willingness to participate, and your cooperation is very important to 
the success of the study. This is a questionnaire you are asked to fill out, please answer 
the questions as frankly and accurately as possible. 
Participation in this study is voluntary and you have the right to withdraw at any time. 
 ALL INFORM.ATION OBTAINED IN THE STUDY WILL BE KEPT 















Annex No.7 Questionnaire  
 
Cross Sectional Questionnaire  
Part 1:                                                                                              SN. ……… 
   
Please answer the following questions:  









                                                            
Part 2: 
 
Child health questionnaire : 
 
In this section, we will ask about your child’s health. Please fill in the blank  
in a suitable place. 
 
1. Sex of child:           Male □             Female □ 
2. Birthday year/month/day:________________________________________ 
3. Respondent  
         1.Child's mother   _____ 
  2. Child's father  _______ 
  3. Other female   _______     
          4. Other male  _________  
 
4. What’s the level of education? 
                                                    Primary     Secondary    Vocational     University 
 Mother                                            □              □             □                 □  
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 Father                                             □                     □            □          □        
 
4. Occupation of mother ____________________________ 
6. Occupation of father ____________________________  
7. Did your child have any of following symptoms in previous 3 month? 
         Chest tightness                  Yes □                  No □  
         Morning cough                 Yes □                  No □  
         Shortness of breath           Yes □                  No □ 
         Morning phlegm              Yes □                   No□ 
 
8. Does he/she usually have a cough with colds? 
                                             1. Yes □              2. No □    
9. Does he/she usually have a cough apart from colds? 
                                             1. Yes □              2. No □  
10. Does this child's chest ever sound wheezy or whistling?  
      A. When (he/she) has a cold?         1. Yes □               2. No □     
      B. Occasionally apart from colds? 1. Yes □              2. No □     
      C. Most days or nights?                  1. Yes □              2. No □ 




11. For how many years has wheezing or whistling in the chest been present? 
                                                          ______ Number of years     
                                              _____     Does not apply                   
12. How severe would you describe the most patient diagnosed case of bronchitis or 
pneumonia?   
 1.Slight□         2.  Mild□        3.  Moderate□        4.  Bad□        5. Severe□ 
13. Has your child been diagnosed with bronchitis or pneumonia by hospital doctor 
in the previous 12 months? (Please indicate when) 
       January□          May□        September□            February□   
            June□          October □              March □                  July □   
  November □              April □             August □        December □ 
 
14. Have any other siblings had:            Yes               No           Don’t know 
                                      1. Bronchitis       □                □                     □  
                                      2. Asthma           □                □                     □ 
                                      3. Pneumonia    □                □                     □ 
 
15. Has the Mother had:                  Yes               No                 Don’t know 
                                    1. Bronchitis     □              □                        □    
                                    2. Asthma         □              □              □ 
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                                   3. Pneumonia   □              □                  □ 
 
16. Has the Father had:                    Yes               No            Don’t know 
                                   1. Bronchitis      □              □                      □    
                                   2. Asthma          □              □                      □  
                                   3. Pneumonia    □              □                      □ 
 
Part 3 :  
: Housing Child questions   
1. What type of dwelling do you live in? 
1.   Reinforced concrete home                    □ 
2.  Metal sheet home                                   □  
3.  Mud home                                              □ 
4. Asbestos home                                        □  
                                                                                                         
2. How old is your dwelling(home)? __________ Years 
 
3. how many rooms (not counting bathrooms) are there in your house/apartment?   
______________ Number of rooms       
4. how many people live in your home?  
Number of children (ꜜ18) ______  
                                        Number of adult's _______ 
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5. How many people share his/her bedroom? 
                                              1. Own room                 □ 
                                              2. 1 person                     □     
                                              3. 2 person's                    □  
                                             4. 3 or more person's       □    
6. What fuel is used most for cooking in your dwelling(home): 
                                            1. Coal or coke                □ 
                                            2. Wood                           □  
                                           3. Bottled, tank or LP gas □  
                                           4 Electricity                      □ 
                                           5. Fuel oil, kerosene         □  
7. How many children younger than twelve years live in this 
dwelling(home)?______  
8. How long have you been living in this dwelling(home) ? ______ yrs./mths/days 
9. What is the floor like?    Room child sleeps          living room 
                          1. Carpet                     □                                □ 
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                          2. Mud                        □                                □ 
                          3.  Ceramic or Tile     □                                □          
                          4. Concrete                 □                                □   
                          5. Other Specify ____________ 
 
10. What is your wall like?  
                                        Room child sleeps                        living room   
                            1. Carpet        □                                            □  
                                    2. Painted        □                                           □  
                          3. Concrete    □                                             □ 
 4. Mud            □                                           □        
                            5. Other Specify _______________   
                              
             11. In the last 3 months, have you made any changes in your home?   
     Room child sleeps                      living room              
  1. New carpet                         □                                              □                  
 2. Painted wall/floor                □                                               □      
            3. Purchased new furniture     □                               □         
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12. Generally how good is your homes air quality?  
        1.Very good                         □    
        2. Good                                □    
        3. Bad                                  □ 
13. What type of heating do you use in winter? (If there is more than one please 
indicate) 
       1. □ Coal stove    
      2. □air conditioner                       3. □wood stove    
      4. □electric heater                        5.□gas heater                                    
      6.□no heating         
      7. Other (specify)___________________________ 
      
14. How long do you heat your house_____(hrs.), if fire how many times do you 
burn ________per day/night? 
15. What’s the frequency of washing child room? 
1.□everyday 
2.□few times a week 
3.□few times a month 
4.□once in a month 
5.□< once a month 
6.□do not wash 
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16. What’s the frequency of opening your windows to outside air in the last 3month?  
1.□everyday 
2.□once per week 
3.□once per month 
4.□rarely 
5.□do not open 
 
17. Is there anybody who living in your home who is smoker ? 
                                   1.□Yes           2. □No  
18. If YES how many people? ___________ 
19. What’s the frequency of their smoking in your home? 
1.□everyday        
2.□few times in a week 
3.□few times in a month 
4.□rare 
 
  in your house?  or humidity 20. Did you notice presence of any type of mold  
                                       1. □Yes           2. □ No   
21. If YES, Which room mostly has mold? ________________________________ 
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22. Do you have a bird living in your home?    
        1. □Yes            2. □ No 
23. How about street movement in your place?  
1.□ very busy    
2.□ busy        
3.□ less busy 
24. Are there any children under 5 years that have died in this household? 
      □ yes go to question25, 26            □ No Questionnaire Finished    
25. at what age ________ 
26. What was the cause of death______________________ 
 
 












Annex No.8 Handheld IAQ Monitor Model 2211  
 
   
 
 
The Kanomax IAQ Monitor 2211 
features quick start-up and high 
accuracy in measuring carbon dioxide 
and carbon monoxide concentration 
levels in the environment. 
Temperature and humidity are also 




 IAQ Investigation 
 Ventilation Testing 
 Thermal Comfort Control 




 Simultaneously measures and data log multiple parameters such as: CO, CO2, 
Temperature, Relative Humidity, to monitor indoor air quality conditions. 
 Calculates Dew Point, Web Bulb Temperature, Absolute Humidity, Humidity Ratio 
and % Outside Air. 







 Easy user calibration with built-in calibration function. 
 Capable to continuously monitor parameters via PC. 
 Large LCD shows multiple parameters at a glance. 




Range 0 to 500PPM 
Accuracy +/-3% of reading or +/-3PPM whichever is greater 
Resolution 0.1PPM: 0-99PPM 1PPM: 100-500 PPM 
CO2 
Range 0 to 5000PPM 
Accuracy +/-3% of reading or+/-50PPM whichever is greater 
Resolution 1PPM 
Temperature 
Range - 4 to 140F (-20 to 60C) 
Accuracy +/- 1F (+/-0.5C) 
Resolution 0.1F (0.1C ) 
Relative 
Humidity 
Range  2 to 98%RH 





Normal measuring (do not store and calculate the data.) Relative 
humidity, CO, CO2, Dew point, Wet bulb temperature, 
Absolute humidity and Humidity Ratio 
Calculation 
Mode 
Store the data, and calculate the maximum, minimum and 
average value. 
% OA Mode Measure ventilation ratio (Ask for ventilation ratio by calculating from temperature and CO2 value) 
Data Output 
Mode 
Perform re-calculation of stored data and output of data to PC 
and Printer. 
Calibration 




(option) DC 0 to 1V 
Power Supply AAA Battery x 4 (Mn, Alkaline, or Ni-Cd) 
Dimensions 
Unit 3.5" x 7.5" x 2.0" 
Probe Length: 12.5 inch / Diameter: 1.0 inch 
Weight (including 












professional digital multimeter. 
Relative measurement mode (REL). 
Measurement of pulse ratio, 
luminance, sound volume, humidity, 






DC voltage  0.4/4/40/400/600V ±0.7% 
AC voltage 0.4/4/40/400V ±0.8%, 600V ±1.0% 
DC current  40/400mA ±1.2%, 10A ±2.0% 
AC current  40/400mA ±1.5%, 10A ±3.0% 
Frequency 10/100Hz/1/10/100kHz ±2.0% 
Resistance 400Ω/4/40/400kΩ/4MΩ ±1.2%, 40MΩ 
±2.0% 
Temperature 
measurement range t°C 
-20°~400° ±3.0% (0.1°), -20°~1000° 
±3.0% (1°) 
Capacitance 4/40/400nF/4/40/200µF ±3.0% 
Audible Continuity test Yes 
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Diode test Yes 
Automatic power-off Yes 
Data Hold Yes 
Display illumination Yes 
Measurement mode of 
relative quantity 
Yes 
Pulse ratio 0.1%~99.9% ±3.0% 
Power source 1 × 6F22 9V 
Humidity 30% - 95%RH ±5.0% 
Illumination 4000Lux/40000Lux ±5.0% 













   
 
 
